In this paper, we review research on homeopathy from four perspectives, focusing on reviews and some landmark studies. These perspectives are laboratory studies, clinical trials, observational studies, and theoretical work. In laboratory models, numerous effects and anomalies have been reported. However, no single model has been sufficiently widely replicated. Instead, researchers have focused on ever-new models and experiments, leaving the picture of scattered anomalies without coherence. Basic research, trying to elucidate a purported difference between homeopathic remedies and control solutions has also produced some encouraging results, but again, series of independent replications are missing. While there are nearly 200 reports on clinical trials, few series have been conducted for single conditions. Some of these series document clinically useful effects and differences against placebo and some series do not. Observational research into uncontrolled homeopathic practice documents consistently strong therapeutic effects and sustained satisfaction in patients. We suggest that this scattered picture has to do with the fourth line of research: lack of a good theory. Some of the extant theoretical models are reviewed, including placebo, water structure, silica contamination, energy models, and entanglement models. It emerges that local models, suggesting some change in structure in the solvent, are far from convincing. The nonlocal models proposed would predict that it is impossible to nail down homeopathic effects with direct experimental testing and this places homeopathy in a scientific dilemma. We close with some suggestions for potentially fruitful research.
INTRODUCTION H
omeopathy celebrated its 200th anniversary nearly 10 years ago: In 1796, the German physician Samuel Hahnemann, M.D., presented his paper on "A New Principle of Healing," which he termed homeopathy. 1, 2 The name is derived from the Greek words homoion pathos-"similar disease." The name denotes the fact that homeopathy uses substances to cure diseases that are able to produce similar symptoms in healthy persons when ingested by them. [3] [4] [5] This therapeutic principle, to treat likes by likes-similia similibus curentur: let likes be cured by likes-is very old. In fact, it can be located in ancient Greek writings. 6 The Myth of Telephos is the first clear trace of it in the West: Telephos was the king of the Mysians, who the Greeks attacked accidentally when they were on their way to raid Troy. Telephos was wounded by the spear of Achilles. And, when the wound did not heal and festered, he asked the Pythia, the prophetess of Delphi, for advice. She gave him the cryptic answer: "Ho trosas kai iasetai"-"He who has slain the wound will cure it again." He then visited Achilles, who brought some of the spear's rust into the wound, which subsequently healed. This first echo of the therapeutic simile principle in the West shows that it is an ancient therapeutic idea. It was taken up by Hippocratic medicine, by Galen and Celsus. It can be found in Paracelsus' work. 7 It seems likely that Hahnemann knew of this tradition. 8, 9 But it was his idea to test remedies in healthy volunteers and to note the symptoms as a way to put the simile principle into concrete practice. 10 These symptoms he then used as indications of remedies in sick people. While the principle of testing remedies was new in Hahnemann's time, other researchers, such as the Swiss physician and researcher von Haller, 11 had already advocated this. It was Hahnemann's insight to combine the simile principle with testing of medications and to use this information for therapy.
Today, the simile principle is also used in other branches of therapy. 12, 13 Allergology makes use of it in desensitization. Psychotherapy, in some forms, uses the activation of similar situations or constellations of symptoms that produced trouble to cure it.
Hahnemann's unique insight was what he called dynamization or potentization. Although a case can be made that this is an idea that, in principle, has been around at least since Paracelsus, who also spoke of letting the "spirit of substances" free, the practical application by Hahnemann was unique. When he adminstered his remedies to his volunteers, initially his family and students, he soon discovered that crude substances needed dilution because of toxic side-effects. So he started a process of stepwise dilution and succussion. When diluting a substance, after 24 steps in a dilution ratio of 1:10 or after 12 steps in a ratio of 1:100, a dilution of one mole of starting substance would, by calculation, not have any molecules of the initial substance left. This corresponds to a Hahnemannian dilution of C12 or 24ϫ.* Beyond this boundary, statistically speaking, none of the starting material remains in a homeopathic remedy.
Avogadro's number refers to the number of molecules in one mole (i.e., 6.023*10 23 ). This fact was not known to Hahnemann. Although Hahnemann did not know for sure, he guessed that his dilutions would have very little or none of the starting substance and, therefore, he called his remedies dynamizations or potencies, referring to the paradoxical experience that, with his stepwise process of dilution and succussion, he observed stronger therapeutic effects than with original substances. It is precisely homeopathy's emphasis on so-called high potencies (i.e., remedies succussed and diluted beyond Avogadro's number) that creates tension with modern science because no accepted rational theory exists that could explain increased therapeutic effect with decreasing amounts of the active agent, even to the point of there being no molecules of the initial agent present at all.
In this paper, we wish to point out a few findings from homeopathic research that appear to be robust, delineate areas of contention, and outline potentially fruitful avenues for research. We do not consider the practical or therapeutic applications and the wide variety thereof. We have organized this brief review in four sections:
1. Experimental research to study the efficacy of homeopathic remedies in vitro, in cell systems, or in vivo 2. Basic research that tries to elucidate the nature of homeopathic remedies 3. Clinical research that tries to find proof of clinical efficacy and experimental research in humans (so called "provings" or pathogenetic trials) 4. Some theoretical models.
Since, in most fields, reviews have been presented and are discussed and referenced elsewhere, 14 we restrict ourselves to the most outstanding findings and to areas of hot debate.
EXPERIMENTAL RESEARCH
Historically, homeopaths were among the first to introduce double-blinded experiments in human subjects. 15 Arguably, among the first experimental models in homeopathy was the one presented by Kolisko who studied the influence of high potencies of silver nitrate (Argentum nitricum) on the growth of plant seedlings, mostly wheat, and found cyclical changes. [16] [17] [18] Some potencies, even beyond Avogadro's number, produced an increase in growth length of seedlings, while other potencies produced a decrease. This experiment has recently been reproduced in blinded fashion, with similar results. 19 Our own joint attempts, however, were equivocal (data not yet published).
Many plant and animal models have been studied 18 but only few have been replicated independently, and the quality of the studies is often poor. A review of detoxification paradigms brings them into context. 20 In this type of experiment, a biologic system-plant or animal-is intoxicated with a substance, and is either pretreated with a homeopathically succussed and diluted substance, or is treated therapeutically after the fact. One hundred and five (105) such experiments were reviewed. The vast majority were of suboptimal quality. Among the high-quality experiments, positive results were reported twice as frequently as negative ones, with an overall positive effect in 4 of 5 experiments and a protection index of roughly 20%. The authors of the review noted that many models exist but only a few replications have been achieved. A more specialized recent review presented studies on agents used in warfare and tolerance-induction via diluted substances and concluded that these models documented some effects of such diluted substances. 21 A full database of all experiments has been compiled by Albrecht and van Wijk and will shortly be available as the HomBRex-Data Base (see www.carstensstiftung.de). 22 
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One seemingly promising model was developed by French homeopaths. [23] [24] [25] [26] The basic idea is the following: Basophil cells are extracted from the blood of donors. These cells are then stimulated by an antigen, causing them to degranulate. The antigen is diluted and then presented, testing whether the diluted antigen is also active. As a variant model, one can try to prevent degranulation by using another potentized substance (such as potentized histamine) that may inhibit degranulation. In the most recent set of experiments, potentized histamine has been used. A series of experiments was conducted by Benveniste and his laboratory groups, culminating in a final publication postulating the replicability of the effect across laboratories. 27 This publication was heavily criticized, resulting in independent investigations of the paradigm with no clear-cut reproducible effect, 28, 29 although other experiments, again, yielded positive results. 30, 31 Apparently, even before that, some of the participating laboratories had withdrawn because the effect was not consistent across laboratories. This and similar models were continued by Benveniste later as so-called "digital biology" because he believed that a kind of electromagnetic information was responsible for the effect. He claimed that one could save this information in digital media and play it to a biologic system, with the same effect. 32, 33 Rigorous recent independent replications of this effect with the cooperation of Benveniste's team revealed that the effect is not reproducible but is likely to be the result of a very subtle experimenter effect. 34 A similar model was presented recently by a multinational group, using roughly the same procedure and reporting an overall significant summary statistic, claiming a reduction of basophil degranulation caused by the application of histamine potentized up to 30ϫ, which is beyond Avogadro's number. [35] [36] [37] An independent group, using the same model but even better methods of identifying the cells, replicated the result. 38 A careful analysis of the studies, however, shows a common pattern in this research. 39 One laboratory found a reduction of degranulation, while another laboratory saw an increase, and still another laboratory noted no effect. It remains to be seen whether the model will be reproducible and stable in the hands of independent researchers. What we see in these studies has been a recurrent pattern in homeopathy research, with equally intensive attempts at finding stable in vitro models. [40] [41] [42] [43] [44] This pattern is that there are dramatic results, often in the first experimental tests, which are not compatible with random fluctuations only. These results are often also replicable to a certain degree. But rarely are they stable to the degree demanded by mainstream research to accept such phenomena beyond doubt and without a comprehensive theoretical framework.
Another experimental model that has achieved some reputation for replicability is the thyroxin-dependent stimulation of metamorphosis in tadpoles. [45] [46] [47] [48] In that model, tadpole metamorphosis is accelerated by adding thyroxin in a high potency (usually 30ϫ). Thyroxin stimulates growth and quickens the metamorphosis from the two-legged stage into the four-legged stage. Potentized thyroxin can produce this effect also and, if potentized thyroxin is administered before a stimulating dose, it can also reverse the effect. This model has been mainly used by one group of researchers but has been partially replicated in several laboratories. However, one completely independent replication failed 49 and one was positive. 50 In addition, in one large study, the effect was significant mainly because, in one laboratory, there were very strong effects.
A number of groups, mainly in France, have studied the effects of potentized dilutions beyond Avogadro's number. While a number of interesting single results have been reported, 51, 52 which have been reviewed in a report soon to be presented to the World Health Organization, 53 there has been no consistent attempt at isolating one replicable model. 18 Thus, there are some hints from experimental research that homeopathic substances diluted and succussed beyond Avogadro's number are biologically active but there are no consistent effects from independently reproducible models.
One noticeable advancement has been made: van Wijk and colleagues demonstrated in a series of studies how the similia principle can be captured biologically. †, ‡ Although these studies were mainly carried out with low doses of substances with some potential molecular action, these investigations are interesting nevertheless because they elucidate what potential avenues the effect can take. Cell cultures were treated with low levels of toxic substances. The cell cultures then expressed different patterns of heat shock or stress proteins, dependent on the substance used, as a sign of the stress the cells suffered. Patterns can be considered as remedy pictures, and chemical compounds can be defined by their degree of similarity regarding these patterns. The following question can then be addressed: Is stimulation of vitality of diseased cells related to the degree of similarity between the symptom pattern of diseased cells and the remedy picture? Cells' survival was recorded for their vitality. Experiments were carried out with a disease induced by physical means: heat shock. These cells were then treated with chemical compounds that were applied in low doses. The chemical compounds were defined by their degree of similarity regarding the heat-shock symptom pattern. Experimental data showed that stimulation of survival capacity was positively correlated with the degree of similarity; the correlation was highly significant. For instance, when heat-shocked cells were treated with low doses of arsenite this resulted in less cell
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death than without treatment. The patterns of arsenite and heat shock show a high degree of similarity. In contrast, a treatment with copper does not decrease cell death; the patterns of heat shock and copper show a low degree of similarity. These data suggest that we can, quite exclusively, rely upon symptomatic (molecular) expression for indicating a treatment. It means that stimulation of the (disease) pattern by another irritation that has a similar pattern is able to extinguish the diseased state in cells and increases the number of surviving cells. 54, 55 Subsequently, research by Jonas and colleagues demonstrated that specific protective proteins and their mRNA precursors are stimulated by specific dilutions of toxins. 56 This finding bridges the gap somewhat between the simile principle and potential biologic mechanisms but does not address the question of ultra-high dilutions.
Using an in vitro model, Schmidt, Süß, and Nieber evaluated the inhibitory effects of liquid belladonna in high potencies on the acetylcholine-induced contraction of the rat ileum. 57 This result, of course, also waits for replication.
BASIC RESEARCH
In order to truly understand the mechanism, one would have to find a plausible theory and experimental backing to clarify how a highly diluted substance can affect a biologic system. Since it is unlikely that a sufficient number of molecules of the initial active agent are present in high dilutions of homeopathic remedies, a researcher would have to explain how a biologic effect can be brought about in the first place. One of the earliest attempts at theoretically explaining potential effects hypothesized that an "imprint" of homeopathic "information" from the molecules dissolved in the remedy is produced by the potentization process, conserved, multiplied by further potentization, and then communicated to the body and taken up as a biologic signal. [58] [59] [60] Different attempts have been made to substantiate the claim that homeopathic dilutions are different from control solutions. A thorough review of existing studies showed that the studies presented so far were methodologically deficient in several respects. 61 Modern attempts at measuring differences were either negative or produced small effects. However, during the potentization process, ions are dissolved out of the glass vials. Thus, homeopathic potencies always contain many different substances apart from the purported remedial one 62, 63 and, therefore, only studies conducted with succussed controls and in blinded measurements can be informative. Only a few such studies have been performed. A series of studies using nuclear magnetic resonance imaging were able to document differences. 64, 65 However, very thorough predecessor studies, conducted in a triple-blinded setup, were unable to confirm clear-cut and replicable differences, 66 and other independent studies yielded sometimes positive, 67 sometimes negative results. 68 A recent study using thermoluminescence found significant differences between a homeopathic test substance and succussed controls, 69 a result that awaits replication. Another recent study using a high-frequency electromagnetic probing device demonstrated some differences, 61 while another purported black-box measurement device did not produce replicable results. 70 A recent thorough attempt to identify a specific set of water clusters in homeopathic preparations that looked promising was subsequently found to be unworkable because the preparations had subtle contaminants. This study clearly showed the complex interdisciplinary expertise required to conduct high-quality research in homeopathy. 71 A review of all extant literature on physical studies trying to identify a materially active component and methodologically rating the studies concluded that most studies were rather weak from a methodological point of view 72 (see Table 1 for an overview). Together, this very weak literature shows that no viable evidence for stable water clusters (required for so called "water memory") currently exists.
We have developed a model system for testing homoeopathically prepared solutions using the reaction between enzymes and their substrates as the test bed. With this system, we measure the amount of product produced in an enzymesubstrate reaction per unit time in a water environment. We have observed that homeopathically prepared solutions stabilize these reactions in water (manuscript in preparation). Under normal circumstances, enzymes denature in water. However, when in the presence of C30 potencies of a variety of compounds, this denaturation does not occur. Water diluted and succussed to C30 does not provide a significant level of stabilization. Furthermore, the starting compound influences the degree of enzyme stabilization observed. We have done a careful chemical analysis of the various preparations and have discovered that silica is the principal constituent that varies among the solutions (4-40 micromolar amounts). Succussed water also has dissolved silica in it but at lower concentrations and perhaps in different forms and molecular structures. As silica may occur in a variety of configurations and in various molecular forms with other elements from the glass vials, this could explain the differences among the various solutions. It is reasonable to assume that the nature of the starting material affects the amount and nature of the silica dissolved from the glass. In addition, various forms of silica are known to interact with proteins and have been shown to interact with cells of the immune system. 73 It is, therefore, possible that this contamination from the walls of the glass in which homeopathic remedies are made is an underlying explanation for some of the effects reported with homeopathic remedies. According to this hypothesis, the mechanism of action is fairly nonspecific and most of the specificity is imparted from the patient's immune system. This could explain the variability observed in a number of published trials and experiments.
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Pathogenetic trials
Hahnemann's observation that substances ingested by volunteers, even when diluted, produce symptoms was the background for the first blinded experimental study in homeopathy, probably even in the history of pharmacology. It was a trial conducted by homeopaths in Nuremberg in 1835. 74 Volunteers were to take either Natrum muriaticum C30 or a control substance from coded bottles and report back after some days. Of the 55 volunteers, 50 produced reports. Eight (8) volunteers had symptoms, 5 with Nat. mur, 3 with water. Thus, this first test ended inconclusively. Homeopaths have conducted many so-called "proving" trials, an inadequate translation of the original German word Prüfung, which means "testing." More recently, these tests have been called pathogenetic trials (PTs). 75 Normally, provings have not been conducted blindly or in double-blinded fashion and have not been usually evaluated with qualitative methods. The homeopathic epistemology here is circular: Symptoms observed in PTs are being used for treatment. If patients are cured by the remedies prescribed, based on these symptoms, the symptoms are verified, and the remedy picture is supported. If not, the symptom is discarded. Only rarely, and very recently, has this methodology been brought under critical scrutiny and used as an experimental model. Reviews indicate that the vast majority of PTs are largely inadequate from a methodological point of view. 76 , § However, it should be noted that, for homeopathy to work as a therapeutic system, usual methodological principles, such as blinding or quantitative analysis, are considered to be less relevant because the circular epistemology is said to correct for bias. Modern PTs that serve more of an apologetic and scrutinizing purpose are only partially useful from a homeopathic clinical point of view. They have been conducted with blinding of participants, and differential symptom pictures have been obtained that seem to be useful in therapy. 77 When subjected to scrutiny in placebo-controlled trials, however, it is difficult to separate symptoms experienced with placebo and symptoms experienced with homeopathic substances. [77] [78] [79] [80] Researchers using more recent study designs have reported that symptoms observed overall are specific and not just "background noise." [81] [82] [83] Very few studies have been done with these recent study designs and much remains to be clarified in this field.
Therapeutic trials
Naturally, randomized clinical trials have attracted most research interest among researchers and are more wellknown. Several high-quality reviews of all published or a selection of published studies exist (Table 2) . [84] [85] [86] [87] [88] [89] There is even a comprehensive review of all clinical studies ever conducted, including early studies published in German. This review concluded that homeopathy is clinically effective. ʈ, 90 In addition, meta-analyses and reviews of several specific diagnoses have been carried out. 86, [91] [92] [93] [94] [95] [96] [97] [98] Most of these reviews and meta-analyses, with some exceptions, [99] [100] [101] reached the conclusion that the effects observed in all trials are not compatible with the hypothesis that homeopathy is identical with placebo but that too few trials exist in any single clinical areas to recommend homeopathy clinically. Whether homeopathy is a placebo or not is also dependent on the inclusion and analysis criteria used by a meta-analysis or a review. [102] [103] [104] If the analysis is based on studies re- trievable only through MEDLINE ® and published in the peer-reviewed literature, the outcome is normally not different from placebo. If all evidence is included, there is a difference from placebo. Hence, the conclusion varies with the decision as to what one is willing to accept as scientific information. 105 As a result of the bias in the scientific community against homeopathy, it is easier to publish negative results in the peer-reviewed literature than positive ones. The latter are scrutinized more closely for methodological shortcomings than studies with the expected negative outcome, a prominent example being the recently published metaanalysis by Shang and colleagues the reporting of which is unacceptably bad and yet it passed peer-review. 104 , ¶ Thus, reviews based on the peer-reviewed literature are likely to underestimate the effect and those outside of this literature are likely to overestimate the effect. Moreover, some evidence has been produced that effect-size between placebo and homeopathy groups decreases, as methodological rigor increases across studies, 102,106,107 a finding reported in conventional clinical research also. A summary of studies and conclusions is presented in Tables 2 and 3.
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When reviewing the clinical evidence, one should bear in mind that the material is quite heterogeneous. One would, for instance, not ask the question "is conventional medicine a placebo effect?" subjecting all available trials to a metaanalysis. Rather, one would want independent evidence for certain interventions, say statins, to produce a definite outcome, say a decrease in heart-disease-related mortality. In the same vein, one would want a series of relatively similar trials in homeopathy to test for the applicability of homeopathy in certain clinical areas. Only in a few areas has a series of studies been carried out and some of those have been subjected to a meta-analysis (see Table 3 ). While the meta-analyses are frequently positive overall, these results should be approached with caution. The use of a homeopathic preparation to treat postoperative ileus, for instance, has been shown to be superior to placebo. 91 However, the largest and most definitive trial in the series yielded negative results. 108, 109 Isopathic preparations for the treatment of atopic conditions with an allergic basis have been shown to be more effective than placebo [110] [111] [112] and a meta-analysis was positive also. 98 However, a large trial intended to be a replication and a definite study was negative, showing only significant interactions, but no therapeutically beneficial effect, 113 and other studies in the same area were also inconclusive. [114] [115] [116] Homeopathic therapy has been shown to be useful in childhood diarrhea. A definite study building on a pilot showed clear effects, 117, 118 However, a follow-up study showed effects only for an outcome different from the predefined primary outcome, 119 and only the meta-analysis found the effect significant. 97 A series of studies on homeopathy for chronic headaches/ migraines were built on an initially promising model 120, 121 but were unable to reproduce the effect. [122] [123] [124] The same is true with a seemingly simple and uncontested area: Arnica for muscle soreness after exertion. 94, 100 Only when all Arnica studies are put together, independent of the model, can effects be seen. 92 Our review shows a prominent feature of clinical homeopathy research: The problem is not finding a stunning initial result, as in early studies such as those done with fibromyalgia, [125] [126] [127] or with premenstrual syndrome, 128 or combination homeopathy in ulcers in children with cancer, 129 although some recent results from initial studies have produced negative results. [131] [132] [133] The real problem is replicating the effect once it has been seen in a model, potentially in different independent studies. There is, to our knowledge, no single clinical area where reported effects have been demonstrated unequivocally. Thus, the overall picture of clinical evidence that is emerging is quite disappointing for the homeopathic community. Still, the number of studies is quite few compared to research in conventional medicine.
Viewed together, the clinical research on homeopathy compared to placebo is not much different from conventional medicine research where approximately the same proportion of studies are positive and negative. 134 Once unpublished studies are retrieved from drug-licensing agencies, well-supported substances, such as selective serotonin reuptake inhibitors for depression, show diminishing effects. 135, 136 But overall, effect sizes are still statistically robust, even if diminished. This same result cannot be claimed for homeopathy, except in a few clearly delineated areas (see Table 3 ).
The situation is different for studies on homeopathic substances compared to active controls or standard treatment. There are considerably fewer studies in this field. [137] [138] [139] [140] [141] [142] [143] [144] [145] [146] [147] [148] [149] But, when taken together, it seems to be much easier to prove equivalence to standard treatments than superiority over placebo. This is certainly a paradox, for standard treatments are supposed to be superior to placebo, and this is the reason they are standard in the first place. Jonas and colleagues did a systematic review (SR) of the homeopathic literature using an established process taken from the behavioral medicine literature that avoided the bias toward drug studies produced by most medical SR approaches. This review allowed for calculation of a "valence effect" (a measure of confidence in reported effects) of homeopathic compared to conventional treatment or placebo comparison groups. The researchers found that homeopathy produced more favorable effects when compared to conventional treatments than compared to placebo studies. Thus, the system of homeopathy may be more beneficial in actual practice than when studying the isolated remedies themselves. 150 This situation has led to a new movement: the documentation of homeopathic care and its effects in primary or sec-
WALACH ET AL. 818
ondary care. Most randomized controlled studies start from a rather vague notion of normal practice. Since homeopathy has been used for centuries, it has a special status in some European countries. The remedies are registered, but not tested for efficacy in certain diagnoses. The logic and epistemology of testing is often reversed in traditional healing practices such as homeopathy. 151 In pharmacology, after a broad basic research and screening process, only few substances make their way to final phase 3 and phase 4 testing for efficacy and, only later, is their broad applicability tested in postmarketing surveillance studies. In homeopathy, there is a well-known and broad spectrum of potential single remedies we know little about in terms of classical efficacy. Thus, testing should start from a broad documentation of safety, satisfaction, and effects, comparable to postmarketing surveillance studies in modern pharmacology. Compar- ative effectiveness between two treatments can be tested to find out about pragmatic usefulness compared to standard applications. It is at the end of the epistemological chain that research on mechanisms of action is done. 152 Thus, the order of testing is reversed. The goal is to document effects in clinical practice broadly. Where such studies are being done, sizeable and stable clinical effects on homeopathy are reported. #, [153] [154] [155] Roughly 70% of all patients using homeopathy report they are considerably improved after treatment, and these effects remain stable during follow-up periods of 2-5 years. In summary, there is an efficacy/effectiveness paradox (similar to that found in several other areas of complementary medicine research) with very weak evidence that homeopathy is different from placebo but yet there is documented usefulness in general practice 156 : We have a therapy that is useful when applied in open practice and produces substantial effects, even in patients with chronic diseases. But, according to controlled studies, it is difficult to show that homeopathy is different from placebo.
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This leads to the conclusion that, before clinical homeopathy research can proceed with success, it needs a viable theory.
THEORETICAL MODELS
Hahnemann himself hated speculation. His approach was purely empirical, and he was not given to theorize about the nature of homeopathic effects. We do not have a proper theory of homeopathy from him. He satisfied himself by calling the effect of his remedies "spirit-like," brought about by a "vital force" or a "dynamis" (the Greek term for "power").
This will not do for a modern understanding, since science is built on an intricate interplay between theory and data. Data only make sense in the light of a theory, and theories can only be supported or refuted by data. Theories, in the sense of full-fledged models explaining homeopathy from production to therapeutic effects, do not exist. However, there are speculative attempts to explain parts of the puzzle. 157, 158 These attempts can be broadly divided into two classes: local mechanistic models and nonlocal models.
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Local models
Local models start from the assumption that the production process produces some kind of template, image or imprint of the original substance, and that this "information" is the active ingredient. Memory of water is claimed as one potential mechanism. 159, 160 Exactly how this memory should operate is not clear. Several possibilities have been proposed: A selection of water isotopes specific to an originally dissolved substance 161 ; an ordering of water molecules to macrostructures, called clathrates, 159, [162] [163] [164] that contain the information about substances in the geometry of their ordering; and a selective change in hydrogen bonding, long-range coherence between water molecules that gives potencies laser-like behavior 165 are a few of the more prominent ideas. Some of these have been theoretically discussed at a high level of specification, some of them remain purely speculative. However, none have been proven. For instance, the lifespan of water macrostructures is in the region of picoseconds, which is far too short to guarantee stability. 166 Even if these theories could be proven a couple of problems remain: Some remedies are not produced by succussion at all, but by trituration with milk sugar. Would the theories also hold for this special case? Some theories discuss only water. In homeopathy, there is nearly always a variable mix of water and alcohol. Would the chemistry and physics be the same? Hahnemann, in later days, ordered his patients just to sniff medications (i.e., open bottles and smell them) and allow only volatile molecules to make contact. Would those theories also explain this curious situation? If a material information carrier could be demonstrated, precisely how would the organism use this information to produce health again? It has been observed that the data are compatible with a network theory of health, claiming that some "ordering information" is given to the organism that allows it to come out of a state of suboptimal equilibrium, which is the chronically ill state. 167, 168 This model would demand only a minimal energetic impulse or even no impulse at all but just the right information to get the system stimulated. Local models claim that such information is contained in homeopathic remedies.
The combined data of homeopathy research are not compatible with that argument, at least not at the moment. If this were the case, we would expect a similar situation as in conventional pharmacology, namely, that a series of studies succeed in distilling out an effect from such information compared to what happens with controls. What we see in variable models is strong effects in either direction that, when summed up, often cancel each other out. While the deviations from expectation are frequently very strong, defying the argument of random fluctuation, these deviations are rather unsystematic and, up to now, have not been sufficiently stable in any single model to convince critics.
Nonlocal models
It was this situation that has led some researchers to postulate nonlocal mechanisms, [169] [170] [171] [172] [173] [174] [175] [176] [177] [178] [179] in line with Hahnemann's general way of theorizing. 180 Several of these models exist and vary in their degree of explicitness and general approach, and also in the way they include the remedy and the practitioner in the equation. Generally speaking, the starting point for these theories is the observation that, in quantum mechanics, so-called nonlocal correlations in welldefined quantum systems are operative. While these decay through interaction with the environment, it might be the case that under similar, isomorphic conditions nonlocal correlations are established in analogy to holistic quantum correlations. A theoretical framework exists that predicts such nonlocal correlations, 181 and some efforts have been made to apply such a scenario to homeopathy. 177 While some observations speak in favor of such models, 182 direct experimental evidence for the existence of nonlocal correlations outside the realm of quantum mechanics is still wanted.
These models have a common consequence: If homeopathic effects are the result of nonlocal correlations, by definition, they cannot be distilled out as causal signals, like in drug therapy. Attempts at strict and direct replication, are doomed to failure. This has to do with a rather technical argument that prohibits the use of nonlocal correlations as direct signals. 179 (Otherwise, time-reversal paradoxes could be created that contradict special relativity.) As long as the original context is not disturbed and no signal can be distilled out of a setup using such correlations, they could be a very elegant way of coordinating behavior.
The practical consequence of this theory is that clinical research is best conducted by not disturbing the normal clinical practice through experimental interventions such as blinding and randomization and that the placebo-controlled trial is probably a suboptimal method of testing, not only for homeopathy but also for conventional pharmacology. A serious problem with the nonlocal model is that it may not be directly testable in the clinical setting and so cannot be proven as an explanation for homeopathy. Only indirect experimentation is a potential avenue to prove it and this has yet to be established.
CONCLUSIONS
Our health system has become more effective for treating acute diseases. The downside of it is that chronic diseases have moved into the foreground of health care. Even if future medical interventions will be able to solve these problems, it is questionable whether our societies will be able to afford these treatments. 183 In this situation, homeopathy might be an attractive alternative, since it is a minimal intervention with no known and documented side-effects, capitalizing on the individual organism's capacity to self-heal. Focused conventional intervention, when applied in the complex networks of living organisms, is bound to produce an array of unwanted effects. Thus, the homeopathic strategy may also be helpful for reducing adverse effects from treatment. 184, 185 Homeopathy may thus offer an alternative, if we are willing to set aside the need to know whether its effects are specific. What strategies are the most useful to both study and use homeopathy? We offer a few suggestions about what routes research should and could take in the future:
1. Clinical research is probably most effective if it uses exactly this strength of homeopathy to regulate the system with minimal side-effects and tries to document options and limitations. This could be done in large outcomes studies. These studies should look at homeopathy as it is practiced and provide data on the real-life effects in patients. If well-described cohorts are used, and these cohorts are followed for a long time and compared to conventionally treated ones, this will allow us to estimate the usefulness of homeopathy in practice. Ideally, such an approach would be combined with economic research on costs and feasibility. 2. The next step would be pragmatic comparisons between homeopathy and conventional treatments, which ideally, of course, would be conducted as randomized trials. Since patients seeking homeopathic care often would not like to be randomized, nonrandomized comparisons would also have to be conducted. 3. Placebo-controlled trials are the state of the art in clinical research. Thus, researchers and some authorities will want evidence from such trials. Before conducting such studies, however, it would be advisable to build on extensive pilot data giving an indication of the anticipated effect size, condition, outcome parameters, and length of time of each study. 4. Ideally, the question regarding the nature of homeopathic remedies is directed toward solid laboratory research with plant, in vitro or in vivo models that are controlled, objective, and easily replicable. Since placebo-controlled clinical trials presuppose that there is a causal signal to be isolated in the first place, they may be the wrong method of testing, if the nonlocality hypothesis is correct. Thus, it should be high priority to establish the nature of homeopathic dilutions in fundamental experimental laboratory models. It is mandatory to find a testing system that is broadly accepted and can, in theory, be handled by any competent researcher in the area. If one wants to drill a large hole through a massive wall, it is best to not start drilling a new hole every couple of inches but to stick to one initial groove and carry on drilling. This analogy applies here: One, or at the most, very few different systems should be established and probed, ideally, by independent researchers. If the prediction of a subtle causal information carrier in homeopathic dilutions is borne out, one would expect that a series of wellcontrolled trials should be able to isolate such a signal, even if it is very weak. If the hypothesis of a nonlocal process is true, we would expect no strict replicability, but a deviation toward the predicted and sometimes toward the unpredicted direction, sometimes for the primary, sometimes for the secondary outcomes. Nevertheless, it should be possible to document deviations from chance randomness, if two preconditions are observed: (a) The testing system must not be too restricted. For instance, deviations should not be forced to be onesided, but should comprise overall deviation statistics, ideally combining an array of parameters, e.g. different parameters of growth. (b) It is unlikely that the effect will be seen in every test.
Thus, a testing model should be chosen that is comparatively low-cost to replicate and a meta-analytic approach should be used to synthesize long series of data.
Thus, experimental testing in simple models would allow us to clarify the nature of homeopathic potencies.
5.
In parallel, theory development should proceed. History of science teaches that anomalous data are only incorporated into the corpus of science, once a sound theory is available to understand the data. However, no theory has ever changed the direction of science without good data to support it. Thus, both developments need to go hand-in-hand. 6. The big movement at the moment is toward healing in integrative care, in which different healing modalities have their special places. Homeopathy is not a cure-all. What is needed is to find out in which areas homeopathy works well, or better, than other modalities and to seek cooperation with other modalities for optimal care. For instance, it might be that homeopathy is especially effective for children or for mitigating stress-related diseases. In these cases, it would be worthwhile to establish model clinics in which integrated care is practiced and could be studied as a whole practice against other practices. 7. Only little attention has been paid to patient-practitioner interaction. Part of the secret may be buried here, and intensive qualitative and process-like studies might be able to unveil some of it.
We believe that Hahnemann's discovery is still worthwhile in the twenty-first century. To be recognized as such, it is necessary that one legacy of Hahnemann's is strictly discarded, however-his tendency to quarrel and fight with everyone who did not share his opinions. This was his shadow side and it is still haunting homeopathy. And thus homeopaths go on fighting-each other and colleagues of different training and opinions, medical authorities and other doctors, and the health system at large. This is a waste of time and energy, and we suppose that homeopathy would have been easier to integrate had it not been for this tendency. It is time to drop this and to adopt a more mature stance that is aware both of the strengths and the weaknesses of homeopathy, and that is willing to look openly at both and to learn continually from experience. The latter is a theme, common both to science and homeopathy.
